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Wise function is calculated utilizing the heavy quark mass limit. Finally, we give 
some results on non-leptonic decays. 
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1 Introduction 



In recent years the decay of B and D mesons has become one of the most ex- 
citing source of information on fundamental interactions and symmetries. More 
experiments are expected, since the plans for future i?-meson factories are now 
beginning to be realized. 

Theoretical effort to extract the fundamental quantities relevant on the 'quark 
level' from the 'hadronic counting rates' has been enormous and also successful. 
The ultimate aim is to extract those quantities model independent. On the other 
hand, interpretation in terms of model degrees of freedom has been proven very 
useful: Since QCD and confinement is still not solved at moderate energies, weak 
decays may be used to improve on the dynamical description of the underlying 
quark structure and therefore to extract information on the relevant degrees of 
freedom. 

Considerable amount of effort has been put into the description of mesons in 
terms of the underlying quark structure. For heavy mesons, e.g. charmonium and 



bottomonium, non-relativistic models have been particularly successful 



For a review see e.g. |T3|, |T^. However, a closer look reveals that relativistic effects 
are non-negligible even for mesons involving only heavy quarks. We found that 
those are particularly important for Ml transitions in charmonium and even in 



the form factors of 5-meson decays [|T5], . We also found that non-covariance of 



the non-relativistic model may lead to inconsistencies for the B decay form factors 



of about 5 — 10% [|T6[. The non-relativistic model is worse in cases where heavy- 
to-light or light-to-light transitions are involved. Although the mass spectrum 
may be reproduced, the form factors and therefore the description of the decay 
rates fails badly |]l] 



We have now chosen a quite different approach utilizing the instantaneous 
Bethe Salpeter equation (IBS) to treat the qq system within a relativistically 
covariant formalism |]TB[. The model is able to describe the meson mass spectrum 



for low radial excitations. It has been applied to the calculation of leptonic decays 
viz. decay constants, 77 decays |]TP[ , and to elastic form factors of mesons 



as 



well as to charmonium and bottomonium [ElU. Similar lines have been followed 



by [^- In the following section we will give a short survey of the model. 



To calculate semileptonic decays, we first determine the two form factors of 
the 0' 0^ transitions and the four form factors of the 0^ 1^ transitions. 
We compare our results to the pole dominance ansatz, which is a different way to 
describe the q^ behavior of the form factors. This will be presented in section 3. 

Recently, much attention has been paid to heavy quark effective theory (HQET) 
(see e.g. and references therein), which relates form factors of B ^ D to those 
of B ^ D* transitions introducing heavy quark symmetries. All form factors are 
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then related to one universal function (i.e. the Isgur Wise function |^). Some of 
the more recent calculations utilizing the Bethe Salpeter approach are specifically 



dedicated to calculate this universal function [29, 30 1. In section 4 we connect our 



results to the notion of HQET and give the result for the Isgur Wise function. 

In section 5 we discuss light meson transitions. We compare the Bethe- 
Salpeter approach to the non-relativistic ansatz. However, since we use an in- 
stantaneous kernel and ladder approximation, results for the light mesons should 
be less reliable as for the heavy mesons. 

Section 6 is dedicated to non-leptonic decays of heavy mesons. The discussion 
on QCD corrections in the operators, initiated by the latest CLEO results on B 
decays is not entered here. Through being an important issue it is not considered 
the main subject of the present paper. For definiteness we neglect additional 
gluonic corrections in the weak operators. 

We conclude with a summary of our main results in section 7. 



2 The quark model 

Mesons are treated as qq states in the framework of the instantaneous Bethe 
Salpeter (BS) equation. A more detailed description of the model used here, has 



been given in [0, |19[ in a different context, and references therein. Here we 
summarize the main results relevant for weak decays of mesons. 

For an instantaneous Bethe Salpeter kernel and utilizing free quark propaga- 
tors with effective quark masses mi and m2 one may perform the p° integrals of 
the BS-equation. This is done in the rest frame of the bound state with mass M 
and lead to the (full) Salpeter equation, viz. 

rfV Ar(p) 7° [v{p,p') Hp')] 7° a^(-p) 



$(p) 



(27r)3 M + UJ1 + UJ2 

rfV A+(p) 7° [v{p,p') Hp')] 7° A2"(-p) 

(27r)3 M -UJ1-UJ2 



(1) 



*(P)=/^XP(/>P)IP=(M,0) (2) 



with 



where Xp{p^^p) is the full Bethe-Salpeter amplitude. Here tOi = yp^ + mf, and 
we introduce energy projection operators Af (p) = {uJi ±Hi{p))/{2uji) in obvious 
notation, where Hi{p) = 7^(7 ■ p + Trii) is the standard Dirac Hamiltonian (see 
e.g. refs.[0,g). 

The dynamical input of the model is defined by a confinement plus one gluon 
exchange (OGE) kernel, V = Vc + Vq- Confinement is introduced as a mixture 
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of a scalar and a vector type kernel, viz. 

[VciP,p')Hp')]= v^{ip-pr)mp')-i'Hp')i'] (3) 

with a scalar function Vc- The mixture of a scalar and a vector spin structure 
has been introduced in order to give an improved description of the spin orbit 
splitting. Note, that a purely scalar confining kernel leads to an RPA instability 
of the instantaneous Bethe Salpeter equation. 

Since is it more suggestive to introduce a confining potential in co-ordinate 
space, we assume that the Fourier transform is given by 

V^{r) = a, + Kr (4) 



To derive the OGE kernel, we chose Coloumb gauge for the gluon propagator. 
This way it is possible to retain a covariant formulation within an instantaneous 
treatment of the BS equation, and it allows to substitute by —q^. The OGE 
kernel then reads 123, ISlH 



(5) 



[VG{p,p')Hp')] = VG{{p-p'y) 



7°$(p') 7° - - hHp') 7 + hmip') h&) 



with the operator x 



X/ X 



, and 



An 



4 as{q' 



3 q- 



(6) 



> ^QCD the 



For asiq"^) we make the following assumption. For = —q^ = q^ 
strong coupling ^^(q^) behaves like the running coupling constant of 
QCD, viz. H 



a' 



A 



In(QVA^CD) 



B 



+ 



(7) 



with A = Ait/ 9 and B = 64/81. For -C ^qcd assume some saturation 
value asat which will be a fit parameter of the model. In between we simply 
assume some smooth interpolation between the two regions. 

For consistency with the confining potential, we use co-ordinate representation 



of the the Coulomb kernel. It may be parameterized as follows [18 



A 



2 In (e-(T+^'^)/a + e^/(2"-t)) 



1-B 



In (2 ln(e-^Va + ei/2)) 
2 ln(e-'^'^/a + e^/^) 



where 7 = 0.577215 ... is the Euler Mascheroni constant, and a 
set /i = 4 and /t = 20. 



rA 



QCD- 



(8) 



We 
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As discussed in |T8| , |T^ the potential needs to be regularized, which intro- 
duces an additional parameter tq. The reason for that is different from the 
non-relativistic case, where the terms of order p'^/m'^ like the spin-spin and spin- 
orbit interaction lead to a collapse of the wave-function at the origin. For most 
of the Salpeter amplitudes and a fixed coupling constant Murota |^ has explic- 
itly shown that the amplitudes are divergent for r —>■ 0. For a running coupling 
constant this divergence is less pronounced, but still present. We therefore will 
use the following regularized potential (in co-ordinate space) 

Vg ^ = -7T for r > ro 

6 r 

'^ai''") ~ '^Gi"'^ + bc for r < tq (9) 

where and be are simply determined by the condition that VQ{r) and its first 
derivative are continuous functions. The dependence of as{r) on Aqcd given 
by eq.(||) is rather weak and may be compensated for by modifying fi and asat- 
We use Aqcd = 200 MeV for our calculation. The dependence of the mass 
spectra on the regularization parameter tq is very weak so that the differences in 
the mass spectra calculated with the regularized and unregularized potential are 
quite small. For our further calculation we will take tq = 0.1 fm. 

To solve the Salpeter equation numerically, eq. (|^) is rewritten as an eigen- 



value problem, see e.g. |18|, |22|]. This way it is it possible to utilize the variational 
principle to find the respective bound states. To this end the Salpeter amplitude 
<I> is expanded into a reasonable large number of basis states used as a test func- 
tion. As a suitable choice of basis states we have taken Laguerre polynomials and 
found that about ten basis states lead to sufficient accuracy, see also [jl8|, |l^]. 

The parameters of the model are given in Table |T[ These are the quark 
masses, the offset Oc and slope be of the confinement interaction eq. (^) and 
the saturation value asat for C(s{r) in eq.(^. They are determined to give a 
good overall description of the meson mass spectrum. The mesons relevant for 
semileptonic decays, and their low radiative excitations are shown in Figure |I]. 



3 Form factors and semileptonic decays 

Semileptonic decays are treated in current- current approximation. For a transi- 
tion 6 — > c the Lagrangian is given by 

= ^ Kfe J, (10) 

with the Cabbibo-Kobayashi-Maskawa matrix element Vcb- The leptonic and 
hadronic currents /i^^ are defined by 

= "^7^(1-75)^^^ (11) 
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= C7'^(l-75)& (12) 



The relevant transition amplitudes {^D^*-* | /^^^(O) | -By for B D and B — * D* 
of the hadronic current can be decomposed due to the Lorentz covariance of the 
current, thus introducing form factors. We use a standard representation in terms 
of Fo(g2), Fi(g2) for 0" 0" transitions, and V^(g^), Ao(g^), Ai{q^), A2{q^) for 
0~ — > 1~ transitions. The exact definitions, and further references have been 
given e.g. in [|^. Note that mf < < q^ax = ("^b — due to kinematical 
reasons. Helicity amplitudes H± and in terms of the form factors have been 
given by Korner and Schuler (KS) in a series of papers [^] and are compiled 



by the particle data group [g^. The respective decay rates into specific helicity 
states r±. To are also given in the literature, see e.g. |p2| . 

To determine the form factors from the model, we follow the general pre- 



scription by Mandelstam |33], see e.g. |34] for a textbook treatment. The lowest 



order weak kernel reads (consider e.g. the anti-quark current, flavour indices 
suppressed) 

K,AP.<1.P.P')=1'{^-1^) [S^{P/2+p)y' 6{p'-p-q/2) (13) 

where p and p' denote the relative momenta of the incoming and outgoing qq 
pair, q = P — P' is the momentum transfer. A pictorial demonstration of this 
approximation is given in Figure |^. The quark Feynman propagator is denoted 
by . The Dirac coupling to point-like particles is consistent with the use of 
free quark propagators. Thus the semileptonic current matrix element, e.g for 
B ^ D that needs to be calculated, reads 

{D,Pn\KM\B,PB)= (14) 

= - tr {Tp,{p~q/2)Sf{PB/2 + p-q)r{l-7.) 

S^{Pb/2+p) Tp.ip) S^{-Pb/2+p)} 

where Tp{p) is the amputated BS amplitude or vertex function 

Tp{p) := [S^{p,r' XP{P) [S^i'P,)]-' (15) 

It may be computed in the rest frame from the equal time amplitude $(p) using 
the Bethe-Salpeter equation 



rp(p) 



0, = r(p) = -^J^Av{p,p')<!>{p')] (16) 



p=(M,0) J (27r 



Finally, using Lorentz transformation properties, we can calculate the full BS 
amplitude in any reference frame as 

Xp{p) = '^Ap X(m,oMp^p) "^Ap- ^^^^ 
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where Ap is the pure Lorentz boost, and Sap the corresponding transformation 
matrix for Dirac spinors. 

Due to the reconstruction of the full Bethe-Salpeter amplitude sketched above, 
the transition matrix element eq. ([I^) is manifestly covariant. 

The spin part of the current is evaluated by a standard trace technique ap- 
propriate for the particle anti-particle formalism. The radial part have been 
expanded in a basis of eleven Laguerre functions. The results are found to be 
stable within a large range of the scale parameter of the basis. The matrix ele- 
ments are then compared with the parameterizations given above to determine 
the semileptonic transition form factors. 



4 Semileptonic B decays 

In Fig. ^ we give the form factors relevant for the transition oi B ^ D and 
B ^ D* . They are calculated using the Salpeter amplitudes reproducing the 
meson mass spectra as shown in Fig. |I]. Our calculation is given by the solid 
line. The mono-pole dominance ansatz of Bauer, Stech and Wirbel (BSW) [0 is 
shown as a long dashed line. The short dashed line shows an earlier result within 
the non-relativistic framework (CQM). The latter, however, includes relativistic 
corrections in the current operators p!6| . 

In Table |] we explicitly give the ratios of the form factors A2/ Ai and V/Ai 
at = q^ax- The values fit experimental data, which however, have rather large 
error bars. For comparison we have also given other model values as compiled 
in particular of the improved non-relativistic constituent quark model 



m 



given earlier |]T6[. 

The exclusive decay spectrum is shown in Fig. |. We compare our results 
to recent ARGUS ^ and CLEO data ^ We find a best fit with Kt, = 



(0.032 ± 0.003)(rs/1.49ps)i/2_ rjj^g 

error resulting from fitting is indicated 

by the upper and lower dotted line. Our previous result using a non-relativistic 

formalism with relativistic corrections in the current operators is given by the 

dashed line. We find Vcb consistent with each other IH 



The resulting total branching ratios for semileptonic B decays agree well with 
experimental data given by the Particle Data Group [Q, and by the CLEO 
collaboration |^ and ARGUS collaboration |^ . They are given in Table ^ 

In Table ^ we give the resulting forward backward asymmetry Aps and the 
asymmetry parameter a defined e.g. in respecting the lepton cut-off momen- 
tum of the CLEO collaboration. The forward backward asymmetry sensitive to 
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parity violation is defined through 



Nf - Nr 

with the number of leptons in forward, resp. backward hemisphere in the rest 
system of the VT-boson. For Aps '^^ have used a symmetric cut on the lepton 
momentum pi as utihzed by the CLEO collaboration for technical reasons. 

The helicity alignment a describes the D*^ polarization extracted from the 
£)°7r+ decay angle distribution W{9*), viz. 

oci + acos^r (19) 

For a only a lower cut has been introduced. Both observables are in good agree- 
ment with experimental results. 

We would now like to connect our results to the notion of heavy quark symme- 
try. In this context we reparametrize the form factors in terms of h^{uj), h_{uj) 
for 0~ — > 0", and hv{uj), hA^^u), /iA2('^)? ^^3(1^) for 0~ — > 1~ transitions, with 

. = (20) 
2mBm£,(*) 



The transformation equations are given in [|T^ . The advantage of this parame- 
terization is that in the heavy quark mass limit {mc,b 00) 

hv{uj) = hA^{uj) = hA:i{'^) = h+{uj) = ^(^) (21) 
hA^ito) = h_{uj) = (22) 



where ^{uj) is a universal function known as Isgur Wise function p8[. The heavy 
quark mass limit has been performed numerically by multiplying rricfi with a 
large factor, while keeping all other parameters as given in Table ||. The meson 
amplitudes to evaluate the transition matrix elements (|I^) are then calculated 
by diagonalizing the equivalent eigenvalue problem. Due to numerical reasons 
the heavy quark masses cannot be chosen too large. However, a suitable choice 
leads to converging form factors of eq. (pT]), which differ by less than 0.1%. This 
resulting function is then defined to be the Isgur Wise function ^ibs{^)- Its 
values are shown in Table ^. 

We find that is it possible to approximately parameterize this function by 
either a pole or an exponential fit, viz. 

^poleH ^ (23) 



A2 + 



^exp(t^) - exp a (l-uj) (24) 
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Choosing A = 0.14, or o? = 0.80 the deviation of this fits from the calculated 
values ^iBsi^) are smaller or about 1%, whereby ^exp{^) leads to a slightly better 
overall fit. 

In Figure ^ we show the deviations of the IBS form factors, hv{uj), hAi{uj), 
hA'iiuj), h+{u!), (viz. without implementing the 'numerical' heavy quark mass 
limit) from the ideal heavy quark limit form factor ^(cu). The form factor hv{uj) 
deviates rather strongly from the Isgur Wise function, whereas /i+ and are 
within 10%. Although our result is not a AqcD/^q expansion, it is interesting 



to note, that /iAi(l) = 0.995 agrees with the expectation of Luke's theorem [[42 
and hA^{uj) is rather close to the limiting case ^ibs{^^)- 



5 Semileptonic D decays 

In Figure ^ we show the D K^*^ form factors. The results of the IBS model 
are compared to other models as well as to empirical data. The empirical data 
points at = are given by the particle data group assuming a pole dominance 
behaviour of the form factors |^|. Note that the covariant treatment (solid line) 



can reproduce a pole-like behavior in contrast to the non-relativistic calculations 
(dashed line). 

Except for the form factor Ai (0) the model form factors agree reasonably well 
with the empirical values given. It is remarkable that ^2(0) turns out to be much 
closer to the empirical value than the non-relativistic result or the BSW values 
that are fixed by quark wave functions in the infinite momentum frame. On the 
other hand Ai{0) is too large by 50%. 

In Table ^ we show the resulting partial decay rates oi D K^*\ Dg $. 
Although the decay into K reproduces the experimental value nicely, the decays 
into K* and $ are rather off the experimental data. In addition the ratio of 
helicity rates T^/T^ shown in Table turns out larger than the experimental 
ones. This reflects the difference in Ai(0) between the experimental and empirical 
values. Table also shows the ratio of longitudinal to transverse polarized rates 
{Vl/Vt = ro/(r_ + r+)), which is well reproduced by the model. 

The decay into 77 is not calculated since this requires a discussion of 77, 77' 
mixing which is not touched here. At the present stage it would require additional 
assumptions and the introduction of mixing parameters, which we like to exclude 
here. Such mixing may be generated in a natural way though instanton effects 



l5[], or two gluon exchanges. The consequences of instanton effects have been 



studied in 18, 19 
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6 Non-leptonic decays 



Due to strong interaction non-leptonic weak decays provide additional phenom- 
ena. Examples are hard gluon exchanges, quark rearrangement, annihilation and 
long range effects. Thus, extraction of fundamental physical constants such as 
the Cabbibo-Kobayashi-Maskawa matrix elements is more difficult than in the 
semileptonic case. Discussion on QCD corrections have been triggered by the 
recent CLEO data on B meson decays. The role of QCD correction needs clari- 
fication, however, such a discussion goes beyond the scope of the present paper. 
For definiteness we shall neglect all gluonic effects in the weak operators. Im- 
plicitly some gluonic effects are included in the Bethe Salpeter amplitudes via 
the interaction kernel. Therefore we also need not to worry about double count- 
ing etc. The simple weak interaction kernel for non-leptonic decay may then be 
written in current approximation as 



G 



^eff ^a'f3'^al3hfi,al3K'p' (25) 

with a, a' G {u, c}, /?, P' G {d, s}. The Lagrangian ( pS] ) is then evaluated between 



the meson amplitudes in the same way as for semileptonic decays, given in ([T^ . 



Note that due to Fierz rearrangement two generic types of contributions are 
possible. These are demonstrated in Figure ^ The generic form of class I is given 
by the following eq. ( PU]) those of class II by eq. (P?]), class III are mixed forms 
of both. 

71+ D- \h^,udK,\ B^) ^ (7r+ 0)(d- 5°) (26) 

n'D'\h,,^,h^^,\B') ^ 0)(7r° 5°) (27) 

The factor 1/3 stems from the colour suppression of the Fierz rearranged diagram. 

In order to separate the physical effects, we have used empirical values for the 
vacuum transition part (X \h^\ ) to evaluate the non-leptonic transition matrix 
elements. The empirical values for the decay constants used in the calculation of 
non-leptonic decays along with the calculated ones from the IBS model are shown 
in Table They are not so well reproduced by the IBS model, however calculated 
values are by orders of magnitudes closer to the empirical ones compared to the 
non-relativistic approach. 

Experimental values of decay constants are available only for vr and K from 
leptonic weak decays. For the D-meson decay constant only an upper limit exists, 
fD+ < 310MeV. For /d^ we have chosen f^,^ = SOOMeV, which is close to values 
found by Rosner and an ARGUS analysis using different types of model 
analyses For fp we have used fp = 205MeV, which has been suggested 



by [^. Other decay constants are taken from [^|. 
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We consider only those non-leptonic decays where experimental values are 
known. These are taken from the compilation of the Particle Data Group 



which include also some (preliminary) results from recent CLEO |38| and AR- 



GUS ^ collaborations. 



Results are shown in Tables ^ to |T3|. The Cabbibo Kobayashi Maskawa matrix 
elements used and Vcb = 0.032 and others are given in 



The description of B 
meson non-leptonic decays is rather satisfactory. The relative sign between the 



amplitudes of type III decays consistent with the Lagrangian given in eq. (pS]) is 
positive. This holds also for D meson decays. On the other hand, experimental 
values for type III D decays are not reproduced. This is usually attributed to 
gluonic effects. However, we shall not elaborate on this point any further. 



7 Summary and Conclusion 

Utilizing the Bethe Salpeter equation we have calculated the meson mass spec- 
trum, as well as weak semileptonic decay observables of B and D mesons. The 
interaction kernel has been assumed instantaneous. This way the Bethe Salpeter 
equation reduces to a (full) Salpeter equation as given in eq.(|I|). The interaction 
consists of a one gluon exchange evaluated in the Coulomb gauge and a linear 
confinement, which are given in co-ordinate space. The parameters of the model 
are fixed to reproduce the meson mass spectrum. 

To evaluate current matrix elements, and in order to make explicit covariance 
transparent, the Bethe Salpeter amplitude Xp{p^^p) has been fully reconstructed. 
In this way it is possible to extract form factors by comparison of the Lorentz 
structure of the standard notation of the current. 

To calculate the Isgur Wise function the heavy quark mass limit has been 
achieved in a numerical sense. Within the model uncertainties the resulting func- 
tion may be parameterized by an exponential as well as by a pole-like function. 
Deviation of the form factor /iAi(O) from unity is very small as expected from 
Luke's theorem. Although it is possible to extract the value of the Cabbibo 
Kobayashi Maskawa matrix element Vcb without knowing the exact shape of the 
Isgur Wise function, its notion is desirable since it leads to more insight into the 
dynamical mechanism of the qq system. 

From the semileptonic decay rate B —>■ D*ev the Cabbibo Kobayashi Maskawa 
matrix element turns out to be Vcb = 0.032 ± 0.003, which is close to the non- 



relativistic value. We have taken tb = 1.49ps |32] for the B meson life time 



As a main outcome of the covariant treatment we find, that the empirical 
pole behavior of the form factors of the semileptonic D decays is well reproduced. 
We consider this as an important advantage with respect to the non-relativistic 
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treatment, where this is not possible. Also empirical values are reasonably well 
reproduced except for Ai(g^). The total decay rate for D Keu is reproduced 
rather well, whereas for D —>■ K*ev and Dg —>■ (peu experimental values are 
overestimated. Since presently no model appears able to explain all form factors, 
this may well have a more profound reason than a simple shortcoming of the 
model. Changing the model parameters given in Table may lead to some 
improvement on Ai(g^) however, the mesonic mass spectrum Figure |l] cannot be 
reproduced then. 

As a further application we have calculated the non-leptonic decays leaving 
the discussion of gluonic corrections and final state interaction aside. We find 
reasonable results, however without solving the relative sign problem of type III 
decays. This needs further consideration, which is beyond our present intention. 

In conclusion, we presented a covariant model to treat mesons in terms of the 
underlying quark fields, respecting simple QCD phenomena such as confinement 
and spin splitting. It allows to extract fundamental quantities of the standard 
model from hadronic degrees of freedom in a consistent way using Mandelstam 
formalism. Since the model leads to reasonable results one may now also address 
more exotic phenomena, such as penguin diagrams or rare decays. 
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Table 1: Parameter of the model kernel 



mu,d 


rus 


rric 


rub 




be 


^0 Oisat 


[GeV] 


[GeV] 


[GeV] 


[GeV] 


[GeV] 


[GeV/fm] 


[fm] 


0.200 


0.440 


1.738 


5.110 


-1.027 


1.700 


0.1 0.391 



Table 2: Comparison of ratios of form factors for B — > at — q:^ 



2 



(A2Mi)(gLJ (v^Mi)(gLJ 



CLEOIIfit(a) 1.02 ±0.24 1.07 ±0.57 

CLEOIIfit(b) 0.79 ±0.28 1.32 ± 0.62 

IBS 1.10 1.41 

CQM 1.42 1.15 

BSW 1.06 1.14 

KS 1.39 1.54 



Table 3: Branching ratios for B decays. We use tb — 1.49ps, a) recent CLEO, b) 
recent ARGUS data 



decay BriBs[%] Br 



exp I 



"=0 



B^D*+i-Ve 4.2 4.9 ± 0.8 

4.50 ± 0.44 ± 0.44" 
5.2 ±0.5 ±0.6^ 
B^^D+i-Ve 1.6 1.6 ± 0.7 
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Table 4: Forward backward asymmetry and asymmetry parameter a for the decay 
S° ^ D*+e-i7e. CLEO with lepton cut-off = 1.0/1.4GeV, ARGUS without 
cut-off 



p™* IBS experiment 



Afb 
1.0 
a 
1.4 



0.20 
0.14 
1.37 
0.50 



0.2 ±0.1 
0.14 ±0.07 

1.1 ±0.4 
0.65 ±0.7 



Table 5: Isgur Wise function calculated from the instantaeous Bethe Salpeter 
equation as explained in the text 



UJ 




.00 


1, 


.000 


.05 


0, 


.958 


.10 


0, 


.918 


.15 


0, 


.880 


.20 


0, 


.845 


.25 


0, 


.811 


.30 


0, 


.780 


.35 


0, 


.750 


.40 


0, 


.721 


.45 


0, 


.695 


.50 


0, 


.669 


.55 


0, 


.645 


.60 


0, 


.623 



Table 6: D ^ K^*^ and D, ^ (f) decays 



decay mode 


riBs[io^°«-'] 


rexp[10^°s-i] 




8.8 


8.2 ±0.4 




8.2 


4.6 ±0.4 




7.7 


3.11 ± 1.11 
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Tabic 7: D ^ K^*^ hclicity ratios 



Vl/Vt r+/r_ 



exp. average 1.23 ±0.13 0.16 ± 0.04 
IBS 1.38 0.30 



Table 8: Empirical decay constants /e^p used for calculating nonleptonic decays 
compared to calculated IBS values Jibs 



meson 
type 


fernp 

[MeV] 


fiBS 

[MeV] 


7r+ 


132 


153 




93 


108 




162 


220 


K° 


162 


220 


D+ 


220 


293 




220 


293 


Dt 


300 


342 




205 


480 


P' 


145 


339 


K*- 


220 


503 




220 


503 


D*+ 


220 


409 




220 


409 


D*+ 


300 


467 




382 


571 


at 


220 


371 
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Table 9: Decay widths of weak nonleptonic decays in units of s ^. Upper 
part type I, lower type II decays 



decays 


^IBS 


r 

^ exp 




0.208 


0.20 ±0.03 


D-p+ 


0.465 


0.52 ±0.09 


D-Dt 


0.840 


0.53 ±0.27 


D*-D+ 


0.667 


0.80 ±0.40 


D-D*+ 


0.451 


1.40 ± 1.0 




0.914 


1.33 ±0.80 


D*-p+ 


0.522 


0.49 ±0.10 




0.033 


0.05 ±0.01 




0.075 


0.11 ±0.02 



Table 10: Decay widths of weak nonleptonic B^ decays in units of s ^. Prom 
upper to lower part: type I, II, III decays, resp. 



B~^ decays 


^IBS 


r 

^ exp 




0.840 


1.10 ±0.39 




0.451 


0.78 ± 0.65 




0.667 


0.65 ± 0.45 




0.914 


1.56 ±0.84 




0.033 


0.07 ±0.01 


K*+J/-^ 


0.075 


0.11 ±0.03 




0.217 


0.34 ± 0.03 


D^p+ 


0.507 


0.87 ±0.12 




0.307 


0.34 ±0.05 


D'^*p+ 


0.561 


1.01 ±0.20 
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Table 11: Decay widths of weak nonleptonic decays in units of s ^. Upper 
part type I, lower part type II decays. 



decays 


^IBS 


r 

^ exp 


IV 71 


iU.OZ 






15.79 


25 06 ±3 13 




u.oo 






9 91 




J\ 71 


7 87 


11 Q1 _|_ 1 J^C 


KV 


0.002 


7.23 ±0.96 


K*-p+ 


11.29 


14.22 ±5.78 




0.14 


0.38 ±0.03 


K+K- 


0.78 


1.09 ±0.07 




0.78 


0.27 ±0.10 


K*+K~ 


0.43 


0.82 ±0.19 


K*^K+ 


0.43 


0.43 ± 0.24 




0.40 


0.70 ±0.39 




0.001 


4.94 ±0.63 




3.00 


2.65 ± 0.43 




0.07 


0.21 ± 0.06 




0.04 


0.46 ±0.12 



Table 12: Decay widths of weak nonleptonic D^^^ decays in units of s ^ Upper 
part type I, lower type III decays 



I?+decay 


^IBS 


r 

exp 




2.21 


7.66 ± 1.61 




0.78 


0.74 ±0.16 




0.031 


0.63 ±0.08 




0.43 


0.48 ±0.09 




0.40 


2.46 ±1.04 




11.25 


2.59 ±0.27 


K^p+ 


17.11 


6.24 ±2.37 




7.91 


2.08 ±0.38 




2.07 


0.2 1 ± 0.07 
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Table 13: Decay widths of weak nonleptonic decays in units of s ^. Upper 
part type I lower part type II decays 



decay 


^IBS 


r 

^ exp 




1.45 


7.49 ± 1.50 




7.35 


7.49 ±0.86 




10.68 


13.92 ±3.43 




1.76 
0.93 


7.07 ± 1.07 
8.99 ±2.14 
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Figure 1: Meson mass spectrum for low radial excitation. Left column experi- 
mental, right column model results, resp. 
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Figure 2: Pictorial demonstration of one particle approximation of the irre- 
ducible interaction kernel eq.(|13]), filled circle denotes the inverse quark propaga- 
tor 
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Figure 3: A comparison of form factors for B — > D and B D* transitions; our 
result (solid line), non relativistic result with relativistic corrections (dashed), 
BSW (long-dashed) 



21 



0.012 I 




-0.004 ' 
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Figure 4: distribution of S — > D*'^£~V. Experiments given by ARGUS 
(circles) and CLEO (squares). The solid line calculated with Vcb — 0.032 and 
life time tb = 1.49ps; the upper and lower dotted hues with Vet = 0.032 ± 0.003 
respectively. The dashed line corresponds to the nonrelativistic treatment with 
Vcb = 0.034 ± 0.003. 22 




Figure 5: Deviation of the model form factors from the Isgur Wise function in 
[%]. From top to bottom: hy, h+, /i^i, ^As- 



23 



0.0 



0.0 



0.5 1.0 
[GeV'] 



1.5 0.0 



0.5 1.0 
q' [GeV'] 



1.5 




Figure 6: A comparison of form factors for D — K and D K* transitions; our 
result (solid line), non relativistic result with relativistic corrections (dashed), 
BSW (long-dashed), empirical form factors (shaded area, where given) 
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